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SHAPE AND STRENGIH OF SEAPLANE UNDER-STHUCTURES WITH
SPECIAL REGAED TO SEAWORTHINESS.
By

"~ Victor Lewe.
PART II. STRENGTH.

ato m .

This part of the paper treats:

I. Requirements of the landing gear, as ascertained by oalou-
lations and experiments:

(a) Study of moving piotures.
(b) Readinge of accelercmeters.

(o) Verifioation of caloulations on successful designs,
investigation of accldent reports.

(4) Strength teets of floats.
II. Proposals for caloulation instruoction. -
I1I. Development férms.:. .

(a) Braoing.

(b) Floats and hulls.

The landing gear of sesplanes is, oocntrary to the under-
braocing of airplanes as a rule, ccmmected with the oell struc-
ture and takes part of the air load on the interplane struot_ure.
In the majority of cases, however, the landing gear is nfost

- heavily tared during the taks-off, slighting, rolling and
taxi-ing on the water. Aocording to the type or puvpose of ths
segplane it requires full or limited seaworthiness,

* Zeitechrift fllr Flugtechnik und Motorluftschiffehrt," May 15,
1920. : : .
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The first olass must be able $0 withstand seaway 3 to 4 with &
/Wind .weloo_itjr of 9 to 13 meters per second, while the second
v class. must.be:.obls. to withstend seamay 3 to 3 with gorrespond-
. ing wind velooitiss of 6 to © m. per seocnd. As is well known

;.by .every participant in sea tests and is hare ilh:strateci. by
moving pictures, the. floats and hulls ave hit, while starting
and after alighting, by waves on both t‘h'e' bow and stern and
. also, during the rolling and taxi—ing, by lateral waves.

I. Experiments and Celculations for the Purpose of Determining -
the Lgnding Geaxr Requlrements upon the Water.
Moving plotures furnish not only the previously mentioned
data, but, under certain conditions, they may also give both
the magnlitude and direotion of the foroces aoting. Tf, for ex-
ample, the optical axis of thdmotion pioture camers is statiom-
ary and the seaplane lands perpendicularly to this axis and.
within the field of view, then the spsed at each instant during
the alighting may be obtained from the positi;ms of the seaplane.
The piotures are projected very slowly by a special small hand-
operated projgction machine onto a white paper surface and the
succeseive positions of the seaplane indiocated by means of a-
' point (for emample, the bow of the float) and a straight line,
such as the deck of the float. Then, from the distance between
- two --sr\-iaéesms‘fv;'b"asiﬁﬁns of"tHe ‘segplane, d s, --and from the
time between two exposures, d t, we oan find the velooity,

ds
V=3




In like manner we obtain from the increase in veloolty %~
acgeleration p of a point (for example, the bow of the float),
given for corresponding angl es by the relation between thée marks
h'on 'Ihhe Projection surface or the angular acceleration of some
‘stralght lihe, like the floab deok:

dv
at

Knowing the weight G, the mass M = g- and the moment of inertia
of the seaplane, we can find, in accordance with the fundemental
law of dynamics, '

p=

dv
P=X at’

the deslred force P exerted by the water upon the float. A
more detailed desoription of the tests at Warnemlinde, as well as
of the experiments with accelerometers, cannot be givem hers for
lack of space.

The recaloulations of types, aspproved or strengthened in
sea trials, oomstitute a means of determining formulas to serve
as the basis of oonstmuoction. The justification of such a method |
lies in the faot that it concerns the under—-structure, whose
heaviest loaded members in the sea tests were at first found too
weak and were gradually strengthened up to the dimensions found
necessary in praatice. Furthermore, the under-structure must al-
ways be of a. suffiiciently simple oconstruotion to allow of am 0‘6—
jectionless oheck oaloulation. The 1line of action snd point of
apbridation of the foroe mus'l'; be evident from inspection and £ rom

O vas ot

the moving pictures, so that by these methods only the foroe of
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the waves, or the landing shodk, remains to be determined. -1t
oan be asaumed that the mean effect of a wave ca the bow extends
over the forward thiri of fhe float, because this part is curved
‘similar %o an ‘onodiing wavé ‘(conohoidal)- and-therefore . comes.into
~omtaoct with the wave all & once. These forces act approxi-
mately normal to the cuxved bottom surface and, since the aviators
do not complain about (diigg)mnta, we may assume the direction
of this foroe to be such that it passes through the center of
gravity. The landing shock on the stern will for similar reasons
be taken as acting on the rear third. The fomm of the stem and
the setting up of a strong forward diving moment justify the as-
W1m that this foroe aocts in a perpendiocular direotion (Fig.l).
If the total forward shock on the bow and the landing shock cn
the stern are separately set egqual to the weight of the asegplane
and the faotor of safety is ocaloulated for each member of the
landing gear, the smallest faotors will indicate the weakedt mem-
bers. This holds especially true for the struts running dlrect
fram the float to the fuselage, beoause 'i;hese connect the plaoce
of shook with the ohief weight which lies in the fuselage and
permit only a slight variation in the total load carried by the
individual members. It is otherwise with théoutside struts from
the floats to thewwdngs, where a small factor of aafety is no
cause fo'r woryxy, sinoce the impaot, on acoount of the greater 91a5—
~ticity resultifig’ from the larger number and lighter conatruction
of these struts, does not produce so great stresses. Most of the
_ coﬁplaints from the front were in regard to fallure of the cen-
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tral strutse. In consideiing ithe oa.'l.culi;":ed. factors of safety,
it should be remerbered that the reascn for the great variations
in these figures 1is that some struts and oables as.a. result of
the alr loading (cesea A to 0); "ufe subjsoted t‘o".ocnaidera."b‘ly
greater at‘resaes than in the sea tests and are therefore more
strongly built; hence the high factors of safety. In the follow-
ing ‘tables, the landing load on the float is designated by ¥
with the subsoripts v, h, and s, for forward, rear, and side.
For the check caloulation of the chiefiy lateral stresses
| in rolling and taxdl-ing, we have adopted, according to Fig. 3, a
* lateral foroe perpendioular to, and uniformly & stributed over,

" the side of the float. This foroce equals the weilght of the sea-
Plane and the equivalent 1ift and is desigznated by Fs’
For check ocalculations, there were chosen from different
firmms, two seaplanes each from Class I (fully seaworthy) and
., Class II (partially seaworthy). Seaplane A was for a long time
a standard type and was accepted as absolutely seaworthy (Fig.3).
Segplane B, of similar oomstructicn, was built by snother fimm.
! Seaplanes C (Fig.4) .and D (Fig.5) were the product of a third
firm, chiefly interested in battle seaplanes, and were of neces- '

sity less seaworthy.

{Table for.Seaplane A}

Strut; LengthiSteel tube, Py . Fn . Fp
1 : 186 - 351 : 4.98: 7.77: 8.€0
8 .: 112 : 3B5xl :46-1 :11.55: 3.10

.3 . 158 . 38z3 . 5.39: 8.9 : 3.33
4 :107 : 35x1 _ :15.0 :10.5 : 3.14
2 :488 @ BR:B f B:93:7%:8% 15:88
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:Table for Seaplane R3

Struf. Length. Steel tube. F, | By

: 173
: 173 50x1 S : : - ‘
: 183 50x1.5 : B.B2: -~ : 2.13 S

: 135 : BOxl SR S S R
119 : BOX1I 0 : e=- i —— e

50x1. 1 5.9 - 1 -

48 4e 2y

119 : B0oxl- P == 1 ~= : 4.8
133 : BOx1l.5 : =~= : 3.96: 2.22
¢ 173 . 40x1 N T

RO
VWO ITO UGN

© 167 : B0X1e5 : ~- : 3.20% —

o v 2 g e
o .

{Teble for Seaplane C.

-
*

Strut; Length.Steel tube. Fy . Fyn . Fy . S

: 179 . 45x1.5 4.53: -- : B8.75 P
: 179 @ 35xl.5 -— 1 2.77: -- L SN

203 : 55x3.5 3.80:14.00: - o o
165 : B0x1.5 -~ 1 -- : 5.80
164 : 55x8.5 : -— : 3.06: 10.70
¢ 811 ¢ 30x1.0 7 == : -— : 4,00

30 44 re ae

O~k

_Table for Seaplane D.

o 81 o N e ey A g A
e,

StruthengthiSteel tube’ Fy : Fn : Fg.

-

: 163 50x3 : 4.45: -- : 7.80
¢ 118 : 30x1 T —— : -~ : 1.08
: 163 50x3 ¢ ~-—- : 3.785: 8.30
v 118 & 30x1 : —= 1 -=: 1.0

(R ¢ RAVE o
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These oheck calculations apply only to the braocing, a ochedk
caloulation of the floats (which 11kevlr_1ee during the war, when
their form had already beoome gquite compeoct, were constantly un—
dergoing ohanges in strength of &onstruction “and mateirldl) having
been wreqhed. on the complicated construotion of the same and the
want of syatemﬁtio strength tests. A few strength tests have,
however, been carried out both on a wooden float and a correspond-
ing duralumin float. This test is made the subjéct of a separate
article in this magazine. The results showed a bow load of 3.5
W for the wood construction and 4 W for the duralumin construo-
tion. The superposing on the float joints imitated the a.ctua.l
practice unfavorably, so that we may calculate on an inorease of

these figures to 4 and 7.

II. Pro or C tion t ionsg.

The instructions for caloulations, which were issued by the
Amy and Navy during the war, are based on a series of tests, ex-
tending over a number of years, for determining the aotiom of the
alr foroces on alrplane cells. The megnitude of the air forces
is given throughout in terms of the weight of the airplane. On
the one hand, it mizht appear presumptuocus t0 make the few pre-
soribed experiments the basis of instruotions for calculating the
landing gear of seaplanes. On the other hand, it may be replied
that :.. in gontrast with the oell, the nature of the forces acting
on the under-structure is quite well known fram ths shock sur—
faces of the float and the dirention of the waves =21d only the
magnitude of the shocks remains to be d.etermineld. Mhile in the




load tests of the cell structu¥e two parts must be determined at
a time, with the under-struature only the magnitude of yhe shock,
that 1s, one part at a time, must be occasionally determined.

.~ Furthermore,. a.series.of tested landing-geaxe-hés been -produced,
from whioch, as has here been done, the magnitude of the water
shooks may be obtained by recaloulation.

(a) Float vottoms.

Float bottomas, carrying the water forces direotly,

" are to be caloulated for a load, unifirmly distributed. over the
forward third of the .float length, of 13 W in Class I (fully sea-
warthy), and of 8 W in Qlass II (of limited seaworthiness}. For
the stern, the corresponding figures are 9 W for Class I and 6 W
for Class 1II. The middle paxt is qupposed to form a transition
between the strength of bow and stern.

(b) Sides_of Flogt.

A load of 3 W, uniformly distributed over the entire

side, is to be caloulated for Class I, and of 3 W for Olass II.
(o) t ion of F1 Me .

There are three kinds of stresses to be distinguished:
bow force F,, stern force Fg, and side force Fge The line
of action of eabh of these forces is given in Fig. 1l. The magni-
tude of these foroes to be used in ocalculation are:

l. F

v
Clagg I = - - = - - 6w
T 0lags Il - - - - -4, B W
a. FH
4 Clagg I - = = = = = = f

Clagg II - - = = - = I W



3. F

Clasg I -~ - - - - 2w
01888 II ““““““ .va W

becides the lift W (the simple we-ight of the seaplane).

The load factors of 1 and 3 apply to both.floats taken to- -
gether, but the factors of 3 axe for a single float.

The bow and stern shock fa.otorsl apply to a landing speed of
80 km/hr. (50 m.p.h.). For any other speed V, the factor must be
changed in the ratio g, which oannot exoeed 3/4. The bene-
ficlal effeot of the dead rise, or Vee, is also to be taken into
consideration, when determining the magnitude of the stern shock,
by multiplication with sin /3, since the factors 4 W =znd 3 W
are for keelless flat bottame (B = 180°).

III. Development Forms.

A segplane landing gear may be divided into two parts:
floats and float bracing. The construction of floats has been
taken up in the previously mentioned essay, with one example in
wooden construction and a second example in duralumin.

Representations of float braocing systems are given in Figs.

7 to 13. Typesof -float connections are:

(a) Pin joints in four points.

(b) Rigid joints in two points.
Figs. 7, 8, 9, and 13, are examples of (a) and Fige. 10 and 1I
of (b). The rigid connection is obtained by means of a sheet
steel fitting similar to Fig. 6. The most heavily loaded atrut
which runs aft, is rigldly attaohed to the fiiting, the remaining
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wing, diagonal and horizontal struts or cables are pinned. The
4 it'i'.ing is sorewed down to a float bulkhead or bracing whi.oh lie=
in the center, or, even better, sgnewha.t outside the middle of
the float deak. R | |

The bracing system of Fig. 7 is sdspted from Adzplanes and
has not stood the test of practice, on acoount of its low sta-.
'bility. The braocing system of Fig. 8 is formed from that of Fig.
7 by the use of stay wires for the wings. Fig. 9 is similsr to
Fig. 8, except that struts are used instead of ocables.. One dis-
advantage of 8, as compared with 9, is the greater elongation of
the cables and the resulting possibility of a flutter of the w
winga. On the other hand, the extraordinary strength of the brac-
ing and the welght of the wing struts in © is felt tg be a disad-
vantage. In Fig. 13 the wing struts lead only to the body fit-
tings because the wings are self-supporting.

The rigid float connection is used chiefly on monoplanes.
Biplanes and also a few monoplanes are connected to ths float in
fﬁzr flexible joints. The customary construction is shown in
Figs. 10 and 1l.

The large G and R types, as a result of the distribution of
the weights of the several engines, have a yet more campliocated
system of bracing. Instead of a single heavy weight concentrated
in the fuselage there are three separate weights to be ca.red.-for, |
namely, the fus_elage and the two engine nacelles. All three of
these weighta must be oarrxied by the two floats or a simgle hill.

Flexible conneotions are hsre the rule just as rigld conneotions
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are oharacteristic of the 1ightest seaplanes only.

_The foregoing explanations lead the interest of the con-
'Btmd‘bor ¥nd ‘experimenter-into-a-region-in.which.little. has yet
been done. We find no previous publiocations which treat of the
stresses in a seaplane ¢n water, its second living element, or
whioh attempt to systemabize the landing gear. This paper has
perhapa shown that the float braoing of a sesplans is as import-
ant as the wing trussing and therefore has claim to the same aon-
solentious ealoulation and development, in spite of its presvious
neglect. Campared with the landing gear of an airplane, the sea-
Plane landing gear has a far greater signifiocence. The under-
structure must combine the properties of a hydroplane with those
of a ship, the stresses beinz more severe and manifold than wtth
the land .ear. Nevertheless, if they are not too heavy, sea-
planes will behave equally well in the air. 8eagplanes are heavier
than the same kind of alrplanes and adaptations of the latter are
not praotiocable without strengthening the under-structure.

(Translated from "Zeitschrift flr Flugteohnik und Motorluftsohif-
fahrt,"” ¥y National Advisory Committee for Aeronamtios.)
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Fig. 5 (Seaplane D).
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